The first report dealing with the effect of temperature on the nutritional requirements of microorgsms seems to be that of Mitchell and Houlahan (1946a) . In the course of their genetic studies on Neurospora a mutant strain was isolated which required riboflavin for growth. They noted that this requirement was a function of the incubation temperature. When the mutant was grown at temperatures below 25 C, it synthesized riboflavin at a rate approaching that of the wild type strain while at temperatures above 28 C an external source of the vitamin was necessary. Since this report papers have appeared describing temperature sensitive mutants of Neurospora requiring adenine (Mitchell and Houlahan, 1946b; McElroy and Mitchell, 1946) , uridine (Houlahan and Mitchell, 1947) , and sulfanilamide (Emerson, 1947) . Maas (1950) 
studies on Neurospora a mutant strain was isolated which required riboflavin for growth. They noted that this requirement was a function of the incubation temperature. When the mutant was grown at temperatures below 25 C, it synthesized riboflavin at a rate approaching that of the wild type strain while at temperatures above 28 C an external source of the vitamin was necessary. Since this report papers have appeared describing temperature sensitive mutants of Neurospora requiring adenine (Mitchell and Houlahan, 1946b;  McElroy and Mitchell, 1946) , uridine (Houlahan and Mitchell, 1947) , and sulfanilamide (Emerson, 1947) . Maas (1950) has reported on a temperature sensitive mutant of Escherichia coli requiring pantothenic acid.
Similar studies of the effect of the temperature of incubation on nutritional requirements have been made on nonmutant strains of Lactobacillus arabinosus by Borek and Waelsch (1951) , on Esherichia coli by Ware (1951) , and on Pasteurella pestis by Hills and Spurr (1952) . In general the findings of these workers have shown that at the higher incubation temperatures the organisms under study required additional metabolites for growth.
A search of the literature revealed a paucity of information concerning the nutritional requirements of thermophilic bacteria. Cleverdon et al. (1949a) Gordon and Smith (1949) . Stock cultures were maintained on Difco nutrient agar slants.
Media. In earlier work on the growth of these strains from small inocula it was found that a glucose-mineral base medium containing 0.3 per cent basamin (a yeast autolysate sold by Anheuser-Busch Company) gave good results. Employing the reported value of the amino acid and vitamin content of basamin, a synthetic medium equivalent to 0.3 per cent basamin was devised. The formula of the medium finally adopted is given in table 1. This medium supported good growth of all cultures through six serial transfers. The amino acids and vitamins used were products Dunn and Rockland (1947) .
For the determination of the nutritional requirements of the cultures the procedure followed was that of omission of individual amino acids and vitamins from the complete medium. The respective media were pipetted into 7 inch tubes, in 10 ml amounts, and autoclaved at 15 pounds pressure for 15 minutes. The final pH of all media was 7.0 to 7.2. Preliminary experiments comparing heat sterilized media and sintered glass filtered media showed no significant differences in the requirements of three test cultures.
Preparation of inocula. The cultures were grown in a medium containing 2 per cent tryptose, 0.5 per cent basamin, 0.25 per cent Na2HPO4, 0.1 per cent KH2PO4, and 0.1 per cent NaCl. After 24 hours' incubation at 55 C the cells were har- coagulans, strain 2, as an example of the cultures which fall into group A. This strain requires, among other things, histidine for growth at all three temperatures. This finding may be explained by assuming that the gene necessary for the production of the enzyme responsible for the synthesis of histidine, if present, has been inactivated; thus this strain can no longer make histidine and now requires an external source of this metabolite before growth can occur. If the gene is absent, or has been inactivated, one would not, therefore, expect temperature to exert any influence on the histidine requirement of the organism.
As an example of group B cultures consider B.
coagulans, strain 1039. This strain requires histidine, methionine, and nicotinic acid for growth at 55 C but not at 36 C or 45 C. In this case it may be that the gene responsible for the synthesis of histidine, for example, rather than being inactivated has become modified in some manner such that it now produces an enzyme with the same specificity but with altered physical properties which lead to a rapid inactivation of the enzyme at the higher temperature. (1952) . efficiency would be maintained, but at the higher temperature the enzyme molecules would unfold and collapse, rendering the enzyme inactive. It is possible of course that at the higher temperature one of the precursors necessary for the synthesis of histidine may be shunted off into another series of reactions and thus not be available for histidine synthesis.
B. stearothermophilus, strain 3690, as an example of group C cultures, requires leucine and nicotinic acid at 36 C but not at 45 C or 55 C. These data may be explained on the assumption that the genes responsible for the synthesis of these metabolites are not inactivated but are modified in some way such that they produce enzymes which require a higher temperature before they can be activated and thus operational. Therefore, at the lower temperature of 36 C the enzymes are not active, and before growth can take place these metabolites must be supplied preformed in the medium. The removal of precursors for these substances by some form of shunt metabolism, active at 36 C but not at 45 C or 55 C, also possibly may explain the experimental findings.
SUMMARY
The effect of the temperature of incubation on the nutritional requirements of eight strains of Bacilus stearothermophilus, four strains of Bacillus coagulans, and one strain of a thermophilic mutant of Bacillus globigii has been determined.
All strains gave good growth in a synthetic medium containing amino acids, vitamins, glucose, and salts. The cultures fell into three groups in so far as the incubation temperature affected the growth requirements. One group showed no differences in growth requirements regardless of the incubation temperature. A second group had additional requirements as the temperature of incubation was increased. A third group required additional metabolites as the incubation temperature was lowered. These findings are discussed in terms of the gene-enzyme relationship and shunt metabolism.
